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ABSTRACT 


The  St.  Louis  Dispersion  Study  was  designed  to  describe  atmospheric 
transport  and  diffusion  over  an  urban  area,  from  analyses  of  the  behavior 
of  airborne  tracer  material  released  at  a  point  source.  A  total  of  43 
experiments,  including  a  test  run,  were  conducted  in  seven  series  in 
urban  St.  Louis,  Missouri,  between  May  1963  and  March  1965.  Part  I  of 
this  volume  describes  the  field  sites,  dissemination  and  sampling  equip¬ 
ment,  meteorological  equipment,  and  operating  procedures.  Part  II  presents 
tabulations  of  the  diffusion  and  meteorological  data  collected  during  the 
study. 
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ST.  LOUIS  DISPERSION  STUDY 
VOLUME  I  -  INSTRUMENTATION,  PROCEDURES, 
AND  DATA  TABULATIONS 

INTRODUCTION 

Most  studies  of  atmospheric  diffusion  have  been  carried  out  over  relatively 
uncomplicated  terrain.  The  results  of  such  programs  as  "Project  Prairie  Grass" 
(Barad,  1958)  and  the  "Green  Glow  Diffusion  Program"  (Barad,  et  al .  ,  1962)  can  be 
fitted  within  limits  to  a  theoretical  framework  and  they  can  be  utilized  to 
determine  generalized  diffusion  coefficients  with  some  degree  of  confidence. 
Although  such  investigations  have  yielded  estimates  of  dispersion  for  urban  areas, 
their  direct  applicability  can  be  questioned,  since  the  urban  environment  presents 
a  different  and  more  complex  underlying  surface  than  that  encountered  over  open 
grassland  or  desert  areas  previously  selected  for  diffusion  programs.  A  primary 
objective  of  the  St.  Louis  Dispersion  Study  was  to  describe  dispersion  over  an 
urban  area  and  to  relate  the  dispersion  to  meteorological  parameters.  It  should 
be  emphasized,  however,  that  this  study  was  designed  as  a  pilot  program  to  indi¬ 
cate  gross  dispersion  over  an  urban  area;  it  was  not  to  be  an  exhaustive 
investigation  of  atmospheric  diffusion. 

This  program  was  jointly  sponsored  by  the  U.  S.  Public  Health  Service  and 
the  Environmental  Science  Services  Administration.  Between  May  1963  and  March 
1965  seven  series  of  tracer  experiments  were  conducted  in  urban  St.  Louis, 
Missouri.  These  experiments  were  designed  by  personnel  of  the  Air  Resources 
Field  Research  Office,  Cincinnati,  Ohio  (formerly  Weather  Bureau  Research  Station, 
Cincinnati,  Ohio).  Personnel  from  this  facility  as  well  as  from  the  U.  S.  Public 
Health  Service,  the  County  of  St.  Louis,  and  Washington  University  (students) 
participated  in  the  field  program. 
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The  initiation  of  a  general  study  of  air  pollution  in  the  St.  Louis  metro¬ 
politan  area  (U.  S.  Public  Health  Service,  1967)  prompted  the  choice  of  St.  Louis 
as  the  experimental  area  for  investigation.  Also,  St.  Louis  met  three  additional 
desirable  criteria:  the  city  is  in  a  reasonably  flat  area,  removed  from  significant 
topographic  features  that  would  influence  the  large-scale  air  flow;  weather 
radar  equipment  is  operated  by  the  Weather  Bureau  Airport  Station  as  part  of  the 
national  weather  surveillance  network;  and  the  city  is  reasonably  accessible  from 
Ci nci  nnati . 

The  objectives  of  this  volume  are  (1)  to  describe  the  sites,  equipment, 
procedures,  and  techniques  used  in  planning  and  conducting  the  diffusion  experi¬ 
ments,  in  measuring  meteorological  parameters,  and  in  reducing  and  processing  data; 
and  (2)  to  present  tabulations  of  the  basic  data  and  pertinent  supplementary  data. 
Part  1  mainly  covers  the  first  objective;  Part  2  completely  covers  the  second 
objective  and  includes  some  details  of  the  first. 

It  is  not  the  purpose  of  this  volume  to  present  analyses  of  the  data,  to 
evaluate  existing  diffusion  models,  or  to  devise  new  models.  A  preliminary 
analysis  has  been  published  by  Pool er  (1 966) ,  and  a  final  report  (Volume  II  of  this 
study)  will  be  issued  by  the  sponsoring  organizations. 
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PART  1  -  INSTRUMENTATION  AND  PROCEDURES 


TOPOGRAPHY  AND  GENERAL  CLIMATOLOGY 

As  shown  by  the  topographic  map  of  Figure  1,  the  St.  Louis  terrain  is 
gently  rolling;  elevations  range  from  about  450  feet  MSL  in  downtown  St.  Louis  to 
about  550  feet  at  Lambert  Field,  12  miles  to  the  northwest  (Walther,  1965).  A 
slight  ridge  reaches  600  feet  between  the  airport  and  the  downtown  area.  A  flat 
area,  known  as  the  American  Bottoms,  is  encompassed  by  a  crescent-shaped  bluff 
rising  to  about  640  feet  MSL  and  lies  on  the  east  side  of  the  Mississippi  River 
across  from  St.  Louis.  The  average  elevation  of  the  Mississippi  River  is  about 
400  feet  MSL  and  that  of  American  Bottoms,  420  feet  MSL. 

The  St.  Louis  area  experiences  a  modified  continental  climate  typical  of 
most  Great  Plains  cities  not  directly  influenced  by  major  geographic  features. 
Winters  are  reasonably  brisk  but  seldom  severe;  occasional  short  spells  of  extreme 
cold  are  intermingled  with  several  periods  of  mild  weather.  A  prevailing  flow 
from  the  south  and  southwest  causes  warm,  humid  summers;  spring  and  fall  months 
have  moderate  temperatures.  Spring  months  usually  have  the  most  violent  storms 
(hailstorms,  thundersqual 1 s ,  and  tornadoes)  and  the  greatest  frequency  of  stronger 
daytime  winds.  Precipitation  occurs  mostly  as  showers,  with  thunderstorms  in 
summer;  in  winter,  rains  and  occasional  snows  usually  occur  when  moist  air  moves 
northward  from  the  Gulf  of  Mexico. 
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ATMOSPHERIC  TRACER  NETWORK  AND  INSTRUMENTATION* 


TRACER  SYSTEM 

Initially  the  investigators  decided  to  use  an  existing  tracer  system,  since 
the  development  of  a  new  system  with  its  attendant  problems  could  consume  both 
time  and  resources.  To  allow  for  oversights  and  for  the  sampling  of  different 
types  of  weather,  it  was  decided  to  divide  the  experiments  into  several  series 
over  a  2-year  period.  After  a  review  of  available  tracer  systems  (see,  e.g., 
Dumbauld,  1963),  the  fluorescent  particle  system  utilizing  zinc-cadmium  sulfide 
was  selected.  The  components  of  this  system  and  the  total  number  of  each  com¬ 
ponent  procured"1"  were  2  aerosol  generators,  60  "Rotorod"  samplers,  30  membrane 
filter  samplers,  and  10  drum-pulsed  sequential  samplers.  Since  this  system  and 
its  properties  are  discussed  in  detail  in  Leighton,  et  al .  ,  (1965),  only  a  brief 
basic  description  of  the  tracer  material  and  the  pertinent  equipment  is  presented 
here. 

Zinc-cadmium  sulfide  is  an  inorganic  particulate  capable  of  being  fluor¬ 
esced  by  near-ultraviolet  radiation  to  form  a  continuous  emission  spectrum  from 
red  to  blue  with  a  maximum  in  the  yellow.  The  fluorescence  property  is  indef¬ 
initely  maintained  during  storage  and  assessment.  The  substance  is  not  affected 

O 

by  water  or  by  heat  up  to  450  C;  it  dissolves  slowly  in  acids;  it  has  a  decay 
half-life  of  fluorescence  in  milliseconds  after  the  excitation  source  is  removed; 
and,  when  suitable  lots  of  the  material  are  used,  it  is  extremely  stable  even  in 

long  exposures  to  direct  sunlight.  Because  of  these  and  other  properties,  zinc- 

cadmium  sulfide  offers  a  simple  and  sensitive  method  of  detection  and  quantitative 
eval uation. 

The  zinc  cadmium  sulfide  materials  used  in  the  St.  Louis  tracer  experiments 
were  FP-2267,  USRC  Lots:  1320  with  1.71  x  10^  particles  per  gram  (PPG)  and 
3.04  y  mass  mean  diameter  (MMD);  1339-1  with  1.61  x  10^  PPG  and  3.10  y  MMD; 

1339-2  with  1.66  x  1010  PPG  and  3.06  y  MMD;  1339-3  with  1.64  x  1010  PPG  and 

3.08  y  MMD;  1339-4  with  1.88  x  1010  PPG  and  2.94  y  MMD;  1339-5  with  1.83  x  1010 

PPG  and  2.96  y  MMD:  and,  H-454  with  2.04  x  1010  PPG  and  2.86  y  MMD.  The  lots 
were  pre-tested  for  fluorescence  and  size  distribution  and  were  fluidized  by  a 
private  laboratory. 

Mention  of  commercial  products  does  not  constitute  endorsement  by  the  Public 
Health  Service. 

+The  total  number  of  each  component  of  equipment  was  not  necessarily  used  in  each 
experiment;  unused  items  served  as  backup  equipment. 
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DISSEMINATION  EQUIPMENT 

The  tracer  was  dispersed  from  an  aerosol  disseminator  like  that  shown  in 
Figure  2;  power  for  the  dispenser  was  obtained  from  a  portable  gasoline  engine 
generator  of  1.5  kilowatts  rated  capacity.  In  dissemination,  fluorescent  par¬ 
ticles  were  fed  from  a  stirred  hopper  by  a  rotating  toothed  wheel  into  the 
intake  of  a  high-speed  centrifugal  blower  and  dispersed  as  an  aerosol  of  single, 
primary  particles.  Feed  rates  could  be  varied  between  1  and  250  grams  per 
minute  by  changing  the  size  and  rotation  rate  of  the  toothed  wheel. 

SAMPLING  EQUIPMENT 

Drum-pulsed,  Rotorod,  and  membrane-filter  samplers  were  used  in  all  of  the 
St.  Louis  dispersion  experiments.  The  drum-pulsed  sampler  (Figure  3)  operated 
on  the  principle  of  impaction;  air  drawn  at  about  50  liters  per  minute  through  a 
slit  nozzle  impacted  particles  on  the  perimeter  of  a  circular  drum.  A  strip  of 
black  electrical  tape,  coated  on  one  side  with  dilute  rubber  cement,  was  placed 
on  the  drum  as  the  particle  collector."1"  Aluminum  tape  coated  with  silicone  grease 
or  brass  shimstock  sprayed  with  black  paint  and  coated  with  silicone  grease  were 
used  as  collectors  during  the  first  two  experimental  series,  but  these  proved 
inadequate.  The  drum  rotated  3  degrees  at  time  intervals  from  1  to  4  minutes, 
selected  to  provide  up  to  120  individual  deposit  patters  to  yield  a  sequential 
time  resolution  of  the  passage  of  the  tracer  cloud.  Vacuum  was  furnished  by  a 
1 /3-horsepower  pump  operating  on  110-volt  AC  power. 

The  Rotorod  sampler  (Figure  4),  a  battery-operated  impaction  sampler,  moves 
the  collector  through  the  air  rather  than  pumping  air  past  the  collector. 

Particles  were  collected  on  the  edges  of  spinning  H-shaped  collector  rods  coated 
with  silicone  grease.  The  samplers  were  attached  to  the  batteries  with  16-inch 
lengths  of  aluminum  corner  molding.  The  batteries  were  equipped  with  straps  for 
easy  attachment  to  trees,  light  standards,  and  other  such  structures.  This 
portable  sampling  unit  yields  a  measure  of  total  dosage.  Flow  rate  was  about 
40  liters  per  minute,  and  collection  efficiency  depended  on  the  size  distribution 
of  the  fluorescent  particles. 

The  membrane  filter  sampler,  which  also  yields  a  measure  of  total  dosage, 
operates  by  drawing  air  through  a  1 -inch-di ameter  membrane  filter  at  a  rate 
determined  by  a  critical  orifice  in  the  base  of  the  filter  holder  (Figure  5). 

The  filters,  made  of  cellulose  acetate-nitrate,  have  a  collection  efficiency  of 
almost  100  percent;  virtually  all  of  the  particles  are  deposited  on  the  upstream 


The  counting  of  particles  collected  on  the  deposition  areas  of  samplers  was  per¬ 
formed  on  contract  by  a  private  laboratory.  For  details  of  the  assessment 
techniques  consult  Brown  and  Webster  (1964). 
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filter  face  rather  than  within  the  filter  pores.  Vacuum  was  supplied  by  a  1/6- 
horsepower  pump  operating  on  110-volt  AC  power.  The  filter  holder  was  attached 
to  the  top  of  an  8-foot  section  of  1/2-inch  pipe,  the  filter  facing  downward  and 
the  pipe  being  maintained  erect  in  a  mounting  attached  to  the  base  of  the  pump. 

TRACER  RELEASE  SITES  AND  SAMPLING  ARCS 

Considering  the  climatology  of  the  St.  Louis  area  and  evaluating  potential 
tracer  release  sites,  the  investigators  selected  a  site  in  the  southeast  corner 
of  Forest  Park,  primarily  to  accommodate  the  prevailing  westerly  flow.  The 
relationship  of  this  site  to  the  metropolitan  St.  Louis  area  is  shown  in  Figure  6. 
The  dissemination  site  is  situated  about  one-third  of  the  way  down  a  gradual  slope. 
A  few  scattered  trees  are  in  the  area  and  the  McDonnell  Planetarium,  located  at 
the  top  of  the  rise,  were  not  thought  to  cause  significant  interference.  The 
site  of  the  dissemination  and  the  downslope  direction  of  dissemination  are  shown 
in  Figure  7. 

Three  concentric  sampling  arcs  for  this  site  were  then  selected  east  of 
Forest  Park  at  nominal  distances  of  1/2,  2,  and  4-1/2  miles;  these  arcs  are 
numbered  1,  2,  and  3,  respectively,  in  Figure  6.  Sampling  sites  were  at  nominal 
6-degree  intervals.  Distances  and  azimuths  of  all  sampling  sites  from  the  tracer 
release  points  were  measured  on  U.  S.  Geological  Survey,  7-1/2-minute  quadrangle 
maps  (scale  1:2400).  Many  compromises  were  made  in  the  location  of  sampling  sites 
to  accommodate  logistic  requirements. 

Before  the  second  series  of  experiments,  the  roof  of  the  Knights  of 
Columbus  Building  (Figure  6)  was  chosen  as  a  second  release  site  to  allow  dissem¬ 
inations  during  southeast  to  southwest  flow.  This  three-story  building  is  in  the 
midst  of  trees  and  buildings  of  comparable  height.  The  roof  measures  about  75 
feet  by  100  feet;  the  long  axis  is  nearly  north-south  and  the  short  axis,  east- 
west.  A  parapet  skirts  the  eastern  and  southern  sides  of  the  roof,  its  height 
varying  from  2-1/2  feet  on  the  east  and  3-1/2  feet  on  the  south  to  about  5  feet  on 
the  northeast,  southeast,  and  southwest  corners.  Disseminations  were  made  from 
the  unobstructed  northwest  corner  of  the  roof.  Sampling  sites  for  this  second 
release  point  were  chosen  at  nominal  6-degree  intervals  on  three  concentric  arcs 
at  nominal  distances  of  1-1/4,  2-1/2,  and  5  miles.  These  sampling  arcs,  numbered 
4,  5,  and  6  (Figure  6),  extend  west  through  north  to  east,  or,  to  the  Mississippi 
River. 

As  the  experiments  continued,  changes  were  made  in  the  azimuth  spacing 
in  some  of  the  sampling  arcs.  After  the  third  series  of  tests  the  number  of 
sampling  sites  on  arcs  3  and  6  was  doubled  so  that  narrow  plumes  that  might  exist 
during  stable  conditions  could  be  defined  better.  At  this  time,  other  adjust¬ 
ments  were  made  in  the  arcs  to  yield  more  uniform  spacing  between  adjacent  sites 
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and  to  provide  more  negotiable  driving  routes  for  servicing  crews.  Before  the 
fifth  series  of  releases,  sampling  sites  at  nominal  3-degree  intervals  were 
chosen  along  a  seventh  arc  (Figure  6),  concentric  on  the  Knights  of  Columbus 
Building  site  at  a  nominal  distance  of  10  miles,  to  allow  for  longer  travel  times 
during  unstable  conditions. 

As  an  aid  in  defining  the  types  of  underlying  surface  passed  over  by  the 
tracer  clouds,  a  land-use  description  of  the  metropolitan  area  was  determined  and 
delineated  in  Figure  6.  The  categories  listed  in  the  key  to  this  figure  describe 
the  existing  types  of  structures. 

During  the  last  four  experimental  series,  a  tethered  Aerokyte  balloon 
(shown  in  Figure  22)  was  equipped  to  secure  estimates  of  total  FP  dosage  in  the 
vertical.  Rotorod  samplers  were  attached  at  varying  intervals  to  the  nylon 
tethering  line;  the  method  of  attachment  is  illustrated  in  Figure  8. 
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METEOROLOGICAL  INSTRUMENTATION 


FIXED  NETWORK 

In  the  Spring  of  1963  before  the  first  experiments,  a  network  of  sites  was 
established  and  instrumented  to  obtain  climatological  information  on  airflow 
patterns  and  thermal  stability  in  the  lower  levels  of  the  St.  Louis  area  and  to 
provide  meteorological  data  during  experiments  as  an  aid  in  analyzing  tracer 
results.  Wind  instruments  (Aerovanes)  and  hygrothermographs  were  installed  at 
three  sites  on  the  periphery  of  the  urban  area.  These  sites  (Figure  6)  were  at 
Lindberg  High  School,  Missouri  State  Police  Station  C,  and  Hazelwood  High  School. 
The  KMOX-TV  tower  near  the  center  of  downtown  St.  Louis  (Figure  6)  was  originally 
instrumented  with  Aerovanes  at  two  levels  (127  and  459  feet)  and  with  tempera¬ 
ture  and  temperature-difference  equipment  at  three  levels.  In  May  1964  another 
Aerovane  was  installed  at  a  third  level  (255  feet),  and  in  October  1964  a  bivane 
was  installed  at  the  127-foot  level.  Data  collection  from  this  network  ceased 
in  June  1965,  two  months  after  the  final  series  of  experiments. 

Lindbergh  High  School  Site 

The  area  surrounding  Lindbergh  High  School  is  relatively  flat  and  open, 
with  some  trees  and  a  few  residences.  A  standard  U.  S.  Weather  Bureau  hygro- 
thermograph,  like  that  mounted  at  this  site,  is  shown  in  its  Louvered  Stevenson 
shelter  in  Figure  9.  Maximum  and  minimum  thermometers  and  psychrometers  were 
utilized  to  maintain  quality  control  on  hygrothermographs.  This  station  was 
originally  located  on  a  close-clipped  lawn  about  300  feet  west  of  the  high  school. 
In  January  1965,  after  incidents  of  vandalism  to  this  installation,  it  was  moved 
about  1/4  mile  west  of  the  original  site  to  a  close-clipped  lawn  about  100  feet 
in  front  of  the  Melville  District  Fire  Station.  The  Aerovane  wind  transmitter 
was  placed  about  20  feet  above  the  roof  of  the  main  Lindbergh  High  School  build¬ 
ing  (Figure  10)  and  about  60  feet  above  the  ground. 

An  Aerovane  wind  transmitter  is  shown  in  Figure  11.  Wind  speed  was  sensed 
by  the  impeller,  whose  threshold  starting  speed  is  about  1-3/4  miles  per  hour. 

Wind  direction  was  sensed  by  the  streamlined  vane.  Wind  speed  is  directly  pro¬ 
portional  to  the  speed  of  rotation  of  the  impeller  blades  and  is  a  function  of 
voltage  generated  by  a  magneto  (Bendix  Aviation  Corp.,  1956).  Values  for  the 
wind  speed  and  direction  were  electrically  transmitted  and  recorded  continuously 
on  a  two-channel  recorder.  Range  of  wind  speed  was  0  to  100  miles  per  hour  on 
one  channel;  range  of  wind  direction  was  540  degrees  of  azimuth,  allowing  for 
crossover,  on  the  other  channel.  Speed  of  chart  rotation  was  3  inches  per  hour. 
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Missouri  State  Police  Station  C  Site 


The  area  around  Missouri  State  Police  Station  C  is  relatively  open,  gently 
rolling  country.  A  few  residences  are  in  the  general  vicinity;  the  most  prominent 
building  in  the  area  is  a  new  four-story  hospital  about  1/2  mile  south  of  the 
station.  The  hygrothermograph  installation  was  situated  on  a  close-clipped  lawn 
about  60  feet  west  of  the  station.  The  Aerovane  transmitter  was  attached  to  the 
end  of  an  8-foot  boom  on  the  west  side  of  the  broadcasting  tower  and  about  85  feet 
above  ground.  The  station  and  tower,  which  is  about  20  feet  wide  at  the  base,  are 
shown  in  Figure  12.  Interference  to  air  flow  through  the  tower,  mainly  from  the 
east,  did  not  appear  to  be  significant. 

Hazelwood  High  School  Site 

The  terrain  in  the  vicinity  of  Hazelwood  High  School  is  open  and  gently 
rolling,  with  trees  and  a  few  residences  interspersing  the  area.  The  Aerovane 
transmitter  was  placed  about  20  feet  above  the  southeast  edge  of  the  roof  of 
the  high  school  gymnasium  (Figure  13)  and  about  60  feet  above  ground.  The 
hygrothermograph  installation  was  on  the  close-clipped  lawn  of  the  high  school 
premises  about  100  feet  south  of  the  gymnasium. 

KMOX-TV  Tower 

The  KMOX-TV  tower  (Figure  14)  is  located  about  150  feet  northeast  of  the 
intersection  of  13th  and  Cole  Streets  near  the  center  of  downtown  St.  Louis; 
the  tower  reaches  563  feet  above  street  level  (468  feet  MSL).  Since  the  struc¬ 
tures  in  the  vicinity  of  the  tower  may  have  affected  the  records  of  the 
meteorological  instrumentation  placed  on  the  tower,  land  usage  in  this  vicinity 
is  shown  in  Figure  15.  The  types  of  structures  and  their  approximate  heights 
above  street  level  are  described  in  the  key  to  this  figure.  The  downtown  area 
around  the  tower  is  also  shown  in  the  series  of  photographs  comprising  Figure  16, 
taken  toward  several  azimuths  from  the  125-foot  level  of  the  tower.  Streets  near 
the  KMOX-TV  tower  are  generally  oriented  either  north-northeast ,  south-southwest 
or  east-southeast,  west-northwest. 

The  Aerovane  wind  transmitters  were  attached  to  the  ends  of  6-foot  booms 
extending  from  the  northwest  corner  of  the  tower  at  elevations  127,  255,  and  459 
feet  above  street  level.  Interference  to  the  air  flowing  through  the  tower  from 
the  southeast  was  noted  in  the  records  of  the  Aerovane  located  at  the  459-foot 
level.  The  boom  holding  this  Aerovane  transmitter  was  extended  about  3  feet  in 
May  1964  to  lessen  this  effect. 

The  instruments  for  measuring  temperature  and  temperature  difference  at 
elevations  of  124,  249,  and  452  feet  above  street  level  were  likewise  extended  on 
booms  from  the  northwest  edge  of  the  tower.  The  temperature-recording  system 
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consisted  of  aspirated  "thermohms"  (Leeds  and  Northrup  Corp.,  1958)  operating  on 
the  resistance  principle  with  copper-wire  sensing  elements  (Figure  17);  the 
data  were  transmitted  electrically  to  a  multi-point  recorder.  The  temperature 
at  the  124-foot  level  and  the  temperature  differences  from  124  to  249  feet  and 
from  124  to  452  feet,  all  in  degrees  Fahrenheit,  were  printed  in  that  order 
once  every  6  minutes.  At  6-month  intervals,  calibration  checks  were  performed 
on  the  sensing  elements  by  immersing  each  of  them  in  a  stirred  ice  bath  with  a 
mercury-in-glass  thermometer.  Maximum  allowed  temperature  spread  between  the  two 
elements  was  +0.1  degree  Fahrenheit. 

In  late  October  1964  an  annular  fin  bivane  (Figure  18)  was  installed  at  the 
127-foot  level  on  the  same  boom  as  the  aerovane;  the  bivane  was  removed  in  March 
1965.  During  the  planning  stages  of  the  dispersion  study  it  was  recognized  that 
direct  measurements  of  turbulence,  preferably  with  a  bivane,  should  be  obtained. 

A  location  allowing  adequate  exposure  was  not  found,  however,  and  as  a  compromise 
the  instrument  was  installed  on  the  KMOX-TV  tower.  Because  of  exposure  diffi¬ 
culties  and  instrumental  problems,  valid  turbulence  data  from  this  bivane  were 

t 

not  attained  during  any  of  the  tracer  experiments. 
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SPECIAL  OBSERVATIONS 


Equipment  for  the  special  observations  was  operated  only  during  tracer 
experiments.  Data  were  used  primarily  in  analyzing  results  of  the  tracer 
experiments . 

Surface  Winds  at  the  Tracer  Release  Sites 

During  all  experiments  at  the  tracer  dissemination  sites,  wind  speed  and 
direction  were  measured  with  a  fast-response  system  (Figure  19),  with  sensors 
about  7  feet  above  the  surface.  Disseminations  at  Forest  Park  were  made  at 
ground  level.  At  the  Knights  of  Columbus  site  disseminations  were  made  at  the 
building  roof  level.  Wind  speed  was  measured  by  the  rotation  of  three  light¬ 
weight  plastic  cups  whose  threshold  starting  speed  is  about  0.5  mile  per  hour; 
the  wind  speed  is  proportional  to  the  speed  of  cup  rotation  and  is  a  function 
of  the  time  rate  of  light  pulses  due  to  the  rotation  of  a  light  chopper  (Beckman 
and  Whitley,  Inc.  1955).  Wind  direction  was  measured  by  the  streamlined  vane. 
Values  for  wind  speed  and  direction  were  electrically  transmitted  and  continuously 
recorded  on  a  two-channel  recorder.  Range  of  wind  speeds  was  0  to  12,  0  to  30, 
or  0  to  60  miles  per  hour  on  one  channel,  and  range  of  wind  direction  was  360 
degrees  of  azimuth  on  the  other  channel.  Speed  of  chart  rotation  was  3  inches 
per  hour.  Inspection  of  wind  traces  indicated  the  effects  of  the  respective 
site  locations.  At  the  Knights  of  Columbus  Building  release  site,  the  wind  sys¬ 
tem  indicated  mechanical  turbulence  due  to  the  structures  in  the  immediate  area. 
For  the  wind  directions  for  which  tracer  disseminations  were  made  at  the  Forest 
Park  site,  the  air  flowed  over  a  slight  rise  before  reaching  the  wind  instrumen¬ 
tation  (Figure  7)  and  probably  diverged,  principally  in  the  vertical,  beginning 
at  the  leeward  edge  of  the  rise;  this  wind  system  may  have  been  sensing  this 
topographically  induced  irregularity  in  the  air-flow  structure. 

Pilot  Balloon  Ascents 

Winds  aloft  were  measured  during  all  experiments  at  the  tracer  dissemin¬ 
ation  site  by  single-theodolite  observations  of  ceiling  balloons.  Observations 
were  generally  terminated  after  the  balloons  had  ascended  through  the  lowest 
3000  feet  of  the  atmosphere.  At  least  two  and  as  many  as  four  ascensions  were 
made  per  experiment. 

Tetroon  Releases 

During  all  daytime  experiments  and  during  most  evening  experiments,  begin¬ 
ning  with  the  second  series,  a  tetroon  was  launched  about  15  minutes  after  the 
beginning  of  tracer  dissemination.  Tetroons  are  tetrahedron-shaped  super-pressure 
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balloons  (Figure  20)  ballasted  to  float  at  a  level  of  constant  density;  they  have 
been  used  extensively  to  estimate  air  trajectories  (Angel  and  Pack,  1960  and  Pack, 
1962).  In  this  study  tetroon  trajectories  were  used  primarily  to  determine  a 
"mean  wind"  during  transit  of  tracer  clouds  across  the  sampling  network.  This 
was  accomplished  by  tracking  the  signal  transmitted  from  the  403  Me  transponder, 
attached  to  the  tetroon  (Figure  20),  with  the  U.  S.  Weather  Bureau  weather  radar 
(WSR-57)  located  at  Lambert  Field  (Figure  6). 


Free  and  Tethered  Radiosonde  Ascents 


In  all  daytime  experiments  beginning  with  the  second  series  and  in  most 
evening  experiments,  a  free  radiosonde  was  released  from  the  roof  of  the  Federal 
Building  in  downtown  St.  Louis  located  at  the  intersection  of  12th  and  Market 
Streets  (Figure  6);  the  radiosonde  was  followed  until  the  signal  emitted  by  its 
transmitter  was  lost.  Tethered  radiosondes  reaching  to  1000  feet  above  the  roof 
were  usually  substituted  during  the  last  two  series  of  evening  experiments. 

Release  height  was  636  feet  MSL  and  171  feet  above  street  level  (465  feet  MSL) 
for  the  free  flights.  Soundings  began  between  0  and  15  minutes  before  the  begin¬ 
ning  of  tracer  dissemination.  Temperature  and  humidity  profile  data  used  to 
compute  mixing  depths  and  thermal  stability  over  the  city  were  obtained  from  these 
soundings . 


A  standard  U.  S.  Weather  Bureau  403  Me  radiosonde,  ballasted  to  ascend  at 
about  500  feet  per  minute,  was  used  for  the  free  radiosonde  launches  (Figure  21). 


A  26.675  Me  aspirated  radiosonde  built 
Research  Office  in  Cincinnati  was  used 
Except  for  the  receiver,  the  receiving 
that  used  with  the  free  radiosonde.  A 
are  shown  in  Figure  22. 


by  personnel  of  the  Air  Resources  Field 
in  all  tethered  radiosonde  ascents, 
and  recording  equipment  was  the  same  as 
tethered  radiosonde  and  aerokyte  balloon 
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OPERATING  PROCEDURES  FOR  DIFFUSION  EXPERIMENTS 


The  probability  of  running  an  experiment  was  estimated  from  forecasts  pre¬ 
pared  by  the  Weather  Bureau.  On  tentatively  suitable  days  a  preliminary  forecast 
to  select  a  tracer  dissemination  site  was  made,  followed  by  a  more  detailed 
forecast  of  expected  wind  direction  variability.  Sampling  sites  were  selected  on 
the  basis  of  more  detailed  forecasts.  Usually,  the  drum-pulsed  samplers  were 
placed  to  cover  the  uncertainty  of  the  direction  of  the  tracer  cloud  centerline; 
the  Rotorod  and  membrane  filter  samplers  were  placed  to  bracket  the  expected 
cloud  spread. 

After  the  tracer  release  and  sampling  sites  were  selected,  a  tentative 
release  time  was  set  and  the  dissemination  and  sampling  crews  were  briefed.  All 
crews  called  in  to  the  project  director  after  they  had  finished  setting  out  their 
equipment,  usually  no  later  than  1  hour  before  the  tentative  release  time. 

Because  of  the  uneven  distribution  of  locations  suitable  for  installation  of  drum- 
pulsed  (sequential)  samplers,  compromises  in  the  location  of  these  samplers  and 
of  the  total  dosage  samplers  were  often  required.  During  the  first  three  test 
series  30  to  35  samplers  were  installed;  during  later  tests  40  to  50  samplers  were 
used.  Communications  were  maintained  by  two-way  radios  and  telephone. 

The  final  selection  of  sampling  sites  was  based  on  a  pilot  balloon  obser¬ 
vation  made  at  the  tracer  release  site  about  2  hours  before  the  tentative  dissem¬ 
ination  time.  If  this  observation  indicated  that  the  tentatively  selected 
sampling  locations  would  not  adequately  define  the  tracer  cloud,  a  revised 
sampling  network  and  new  tentative  release  time  were  established. 

A  tracer  release  rate  was  then  calculated  on  the  basis  of  expected  wind 
speed.  Compromises  in  the  calculations  usually  were  required,  greater  weight 
being  given  to  producing  sufficient  dosage  at  distant  arcs  than  to  avoiding  an 
overdose  at  near  arcs. 

Expected  travel  times  to  the  various  arcs  also  were  computed  on  the  basis 
of  the  forecast  and  observed  wind  speeds.  It  was  desirable  that  each  sampler 
operate  only  during  passage  of  the  entire  tracer  cloud  so  that  the  collection  of 
material  that  might  obscure  fluorescent  particles  would  be  minimal.  For  daytime 
experiments,  sampling  duration  was  calculated  by  assuming  that  the  initial  par¬ 
ticles  would  travel  at  twice  the  speed  of  the  mean  wind  through  the  convectively 
mixed  layer  (Pooler,  1964)  and  that  the  last  particles  would  travel  at  1/2  to  2/3 
the  speed  of  this  wind.  For  the  evening  experiments  during  which  more  pronounced 
vertical  wind-speed  shear  usually  existed,  it  was  assumed  that  the  initial  par¬ 
ticles  would  travel  at  the  speed  of  the  winds  above  the  pronounced  shear  layer 
(usually  at  or  above  1000  feet);  the  last  particles  were  assumed  to  travel  at  1/2 
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the  speed  of  the  surface  wind  until  reaching  the  nearest  sampling  arc  and,  there¬ 
after,  at  1/2  the  speed  of  the  lowest  winds  recorded  on  the  initial  pilot  balloon 
ascents  until  reaching  the  most  distant  arc. 

The  times  required  to  run  an  experiment  varied  considerably.  In  the  long¬ 
est  test,  during  which  all  delaying  factors  operated  together,  more  than  9  hours 
elapsed  from  the  time  of  original  sampler  layout  until  the  last  sampling  crew 
checked  in.  During  the  last  two  series,  after  the  crews  had  become  thoroughly 
familiar  with  their  duties  and  the  locations  of  their  assigned  stations  and  when 
no  delays  occurred,  several  tests  required  less  than  5  hours. 
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Figure  1.  Topographic  map  of  the  St.  Louis  area. 
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Figure  2.  Fluorescent  particle  dissemination  generator. 


Figure  3.  Drum-pulsed  sampler. 
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Figure  4.  Rotorod  sampler. 


Figure  5.  Membrane  filter  sampler. 
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Figure  6.  Generalized  land-usage  map  of  St.  Louis  area. 
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Figure  7. 


Forest  Park  dissemination  site. 
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Figure  8.  Rotorod  sampler  attached  to  tethering  line. 


Figure  9.  Hygrothermograph ,  maximum  and  minimum  thermometers,  and 
psychrometer  in  louvered  Stevenson  shelter. 
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Figure  10. 


Aerovane  on  roof  at  Lindbergh  High  School 


Figure  11.  Aerovane  wind  speed  and  direction  sensor. 
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Figure  12.  Missouri  State  Police  Station  C  and  transmission  tower. 
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Figure  13.  Aerovane  on  roof  of  Hazelwood  High  School. 


Figure  14.  KMOX-TV  tower. 
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Figure  15.  Land  usage  in  vicinity  of  KMOX-TV  tower. 
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(a).  Looking  North. 


(b) .  Looking  South. 


Figure  16.  St.  Louis  as  seen  from  125-foot  level  of  KMOX-TV  tower. 
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Looking  East. 


(d) .  Looking  West. 


Figure  16  (Cont.) 


St.  Louis  as  seen  from  125-foot  level  of  KMO.X-TV  tower. 
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Figure  18.  Annular  fin  bivane 


Figure  19.  Beckman  and  Whitley  wind  speed  and  direction  sensors. 


Figure  20.  Tetroon  and  attached  transponder. 
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Figure  21.  Free  radiosonde  ascent.  Figure  22.  Tethered  radiosonde  ascent. 


PART  2  -  DATA  TABULATIONS 


INTRODUCTION 

Part  II  presents  in  tabulated  form  the  data  collected  in  the  St.  Louis 
Dispersion  Study.  Supplementary  meteorological  data  that  might  assist  in  analysis 
of  results  of  the  tracer  experiments  also  are  included.  These  data  consist  of 
tabulations  of  surface  weather  observations  taken  at  the  WBAS,  Lambert  Field  in 
St.  Louis;  tabulations  of  rawinsonde  soundings  at  Columbia,  Missouri,  and  Peoria, 
Illinois;  and  surface  and  500-millibar  charts.  An  introduction  to  each  set  of 
tables  describes  the  data  and  the  format  and  gives  other  pertinent  information. 

A  summary  page  for  each  experiment  lists  the  available  sampling  and  meteoro¬ 
logical  data  and  details  of  the  dissemination;  the  summary  also  presents  commentary 
on  the  sampling  and  on  the  existing  synoptic  situation. 

As  an  aid  in  describing  the  Aerovane  data  and  as  a  potential  aid  in  analyz¬ 
ing  the  results  of  the  tracer  experiments,  the  highest,  third  highest,  and  fifth 
highest  wind-direction  and  wind-speed  ranges  over  30-minute  intervals  were 
computed.  The  highest  range  was  determined  as  the  maximum  value  of  direction  or 
speed  minus  the  minimum  value;  the  third  highest  range  as  the  third  highest  value 
minus  the  third  lowest  value,  and  the  fifth  highest  range  as  the  fifth  highest 
value  minus  the  fifth  lowest  value,  over  an  interval. 

All  data  are  presented  in  the  units  measured.  The  adoption  of  a  single, 
consistent  set  of  units  would  have  allowed  more  direct  utilization  of  the  reported 
data.  For  some  measurements,  however,  a  sacrifice  of  reported  accuracy  would  be 
required  to  convert  the  units;  for  other  measurements,  a  degree  of  accuracy  better 
than  that  obtained  in  the  measurements  would  be  implied  if  conversions  were 
strictly  made. 

During  all  experiments  an  air  sample  was  taken  approximately  1  mile  upwind 
of  the  release  site.  The  general  location  of  the  sample  was  designated  by  the 
project  meteorologist.  These  samples  were  analyzed  and  found  to  contain  no 
significant  background  count  of  FP  material. 
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EXPERIMENT  SUMMARY  SHEETS 


A  summary  sheet  is  presented  for  each  of  42  experiments.  Experiment  One 
was  a  test  run;  no  fluorescent  particles  were  released.  Sampling  data  collected 
during  this  experiment  are  presented  in  the  tables  to  indicate  background  fluor¬ 
escent  particles  in  the  St.  Louis  area. 

Details  of  the  tracer  dissemination,  including  a  list  of  the  dissemination 
feed-voltage  readings,  are  presented  first.  Because  feed-voltage  was  at  least 
qualitatively  related  to  the  rate  of  tracer  emission,  changes  in  emission  rate 
are  reflected  by  variations  in  this  voltage;  feed-voltage  readings  were  normally 
made  at  15-minute  intervals  during  dissemination. 

The  types  of  fluorescent  particle  dosage  data  and  meteorological  data 
available  for  the  experiment  are  listed  next;  incomplete  data  are  noted.  Any 
necessary  commentary  concerning  dissemination  and  sampling  follows.  Whenever 
possible,  comments  concerning  specific  samplers  are  generalized,  details  being 
given  as  footnotes  to  the  tables. 

The  final  section  of  each  summary  sheet  consists  of  a  brief  description  of 
the  existing  synoptic  situation  and  the  surface  and  500-millibar  charts  from  the 
Daily  Weather  Map  (U.  S.  Weather  Bureau)  nearest  the  time  of  the  experiment. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Weak:  cold  air  advection  end  "brisk:,  steady  northwesterly  winds  peristed  over 
the  St.  Louis  area,  A  cold  front  moved  past  the  area  earlier  and  was  located 
on  the  Illinois-Kentucky  "border  at  1200  CST , 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Strong,  gusty  southwesterly  winds  and  clearing  skies  occurred  as  St.  Louis  was  in  the 
sector  hetween  an  advancing  cold  front  and  a  receding  warm  front. 
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Partly  cloudy  skies  and  moderate  southeasterly  winds  persisted  from  a 
high  pressure  area  centered  over  Tennessee.  A  weak  stationary  front 
lay  to  the  west  over  the  Plains  states. 
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The  St.  Louis  area  weather  was  under  the  influence  of  a  high  pressure  cell  centered  over 
Pennsylvania.  Clear  skies  and  moderate  southerly  winds  prevailed. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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cold  front  centered  over  Kansas  and  Nebraska. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 


OJ 

c\j  H 

00  I 
O  ON 
ON  PO 

m 


p 

o 

•H 

-P 

cd 

P 


rH 

O 


<L> 
[si 
8  -H 
(D  CQ 


CQ 

co 

•H 

p 


-p 

o 

ft 


rH 

OJ 

> 

Q> 

rH 

QJ 

rH 

ft 

ft 


cq 

qj 

tO 

cd 

CQ 

o 

p 

0) 

o 

cd 

ft 


3 

qj 

•H 

ft 


co 

ft 

P 

■H 

O 


■P 

ft 

0) 

CJ 

X 

(L) 


CQ 


CQ 


CQ 


P 

d) 

ft 

t 

O 

p 

0) 

-p 

cd 

P 

0) 

*8 

S 


P 

•rl  P 

EH 

P 

-P  -P  ft 

CQ 

Eh 

CQ 

CQ 

P  cd  Is 

O 

cq 

to 

QJ  -p 

O 

p 

rH 

ft  CQ  P 

o 

•H 

cd 

a  QJ 

o  • 

M 

in 

ft 

•H 

cd  tO  > 

t-  -p 

P 

rH 

cd 

-P 

ft  P  O 

O  P 

cd 

C\J 

QJ 

* 

P 

•H  Eh 

g> 

ft 

rH 

ft 

QJ 

a5 

^  Pi 

+3  G 

P 

-P 

CO  H  X 

p 

P  -rl 

QJ 

-p 

o 

QJ 

Eh 

cd 

cd 

<j  -P  Q 

o 

o  P 

P 

CQ 

-P 

to 

CO 

cd 

OJ 

P 

•H 

JD  QJ 

•H 

qj 

cd 

o 

•P 

CQ 

3  <5  Q 

+3 

cd  ft 

P 

in 

-P 

cd 

i — l 

t>> 

cd 

X 

O 

rH 

i — 1 

Lf\ 

P 

cd 

u 

p 

+3  Q) 

•P 

ft 

rH 

o 

i — 1 

o 

cd 

+3 

cd 

a 

rH 

> 

OJ 

to 

•H 

-p 

•H 

OJ 

oj 

*• 

i — 1 

S3 

to 

p 

CQ 

cd  ft 

Q 

0) 

a 

ft 

•rl 

o 

QJ 

0)  -P 

•H 

+3 

o 

QJ 

rH 

1 — 1 

O 

p 

p 

•H 

Jh 

QJ 

& 

o 

•rl 

cd  ft 

ai 

CQ 

ft 

ft 

LT\ 

a 

P 

O 

+3 

P 

ft 

i — 1 

cd 

o 

o 

ft 

CQ  O 

X 

p 

p 

P 

i — 1 

CQ 

a> 

/ - N 

o 

•H  £ 

ft 

o 

o 

O 

-p 

w 

p 

P  to 

•H 

•H 

-P 

*\ 

aj 

d 

o  P 

-P 

-P 

cd 

CO 

s 

•H 

CQ 

ft  o 

cd 

cd 

P 

OJ 

cq 

p 

a 

£3 

■H 

1 — 1 

CQ 

•  ft 

•H 

•rj 

a 

rH 

•H 

-P  -P 

a 

y 

QJ 

N - ' 

B 

CQ 

QJ 

OJ 

CQ 

ft 

CO 

CQ 

CQ 

> 

QJ  QJ 

co 

CQ 

•H 

<D 

ft  +3 

*H 

•rH 

P 

o 

CD 

-p  CQ 

P 

P 

* 

ft 

•H 

ft 

SP 

o 


CQ 

P 

OJ 

ft 


^ - N 

CQ 

rd 

p 

on 

Eh 

QJ 

d 

ft  CQ 

CO 

CQ 

ft 

•H 

+3  QJ 

*N 

O 

QJ 

p 

& 

•H 

OJ 

to 

o 

ft  ft 

co 

cd 

CQ 

(D 

QJ  CQ 

ro  *n 

OJ 

CQ 

p 

-p 

CQ 

VO  i — 1 

i — 1 

O 

•H 

•H 

co  f>i 

ON 

i — 1 

P 

QJ 

CO 

cd  ft 

rH  •  • 

CQ 

p 

ft 

ft  P 

CQ 

*N 

QJ 

P 

« 

P 

d 

O 

u  o 

00 

O 

o 

o 

o 

+3  H 

<L)  d 

i — 1 

cd 

O 

c. 

CQ 

•H 

P  o 

rg  < 

i — 1 

ft 

rH 

Pi 

o 

-P 

O 

El 

i — 1 

P 

1 — 1 

ft 

•H 

cd 

P  ft 

(L)  tiO 

' — ^ 

p 

cd 

ft 

d 

ft  P 

-p  d 

CQ 

P 

ft 

ft 

cd 

•H 

cd 

ft  *H 

> 

o 

P 

ft 

& 

ft 

(D  i — 1 

rH 

o 

+3 

cd 

<U 

(D 

H  CQ 

CO  ft 

o 

cd 

p 

o 

QJ 

CQ 

O  ft 

S 

• 

+3 

+3 

1 — 1 

H 

QJ 

CQ 

o 

CJ  p 

c\j  cd 

ON 

o 

QJ 

■H 

ft 

P 

•H 

•H 

i — 1  CO 

i — 1 

Eh 

ft  ft 

o 

ft 

P 

M 

<  > 

50 


•Feed  rate  adjusted  from  19  to  15  volts  at  1128  CST. 
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Light  easterly  winds  and  clear  skies  resulted  from  a  ridge  extending  from  the  Gre*t  Lake 
to  Arkansas. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Light  southeasterly  winds  and  partly  cloudy  skies  existed  in  resnonsr  to  a  hich  oressure 
area  center  over  the  Eastern  states. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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A  diffuse  high  pressure  system  existed  over  the  area.  During  the  course  of  the  experi 
ment,  light  easterly  winds  were  gradually  replaced  "by  moderate  southeasterly  winds. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Strong  southeasterly  winds  and  cloudy  skies  existed  in  advance  of  an  advancing  warm  front 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Strong,  increasing  northwesterly  winds,  cloudy  skies,  and  strong  cold  air  advection  existed 
following  the  passage  of  a  oold  front. 
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Moderate  westerly  winds  and  clear  skies  persisted  in  response  to  a  high  pressure  area 
centered  over  Oklahoma. 
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Moderate  southwesterly  winds  and  partly  cloudy  skies  occurred  in  response  to  a  high 
pressure  area  centered  on  the  Arkansas -Mississippi  border. 


Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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busty  westerly  winds  and  partly  cloudy  skies  existed.  The  low  level  circulation  was  dominated 
by  a  high  pressure  cell  centered  over  Western  Kansas. 
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Light,  variable  winds  and  clear  skies  result  from  a  high  pressure  area  centered  over  the 
Arkansas -Mississippi  border. 
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2673.2  gm  of  1339-4  and  7110.0  gm  of  1339-5- 
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Moderate  southeasterly  winds  and  cloudy  skies  persisted  in  advance  of  a  low  pressure  area 
located  over  southwestern  Missouri. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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.rea  during  the  course  of  the  experiment.  Wind  below  and  above  the  frontal 
east  southeasterly  and.  south  south  southeasterly ^  respectively* 


Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 


p 

\  w 

!p 

Jk 

85 


Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Partly  cloudy  skies  and  light  easterly  winds  were  associated  with  a  high  -pressure  area 
which  was  centered  over  Wisconsin.  A  stagnating  front  extended  from  the  Plains  to  Texas. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Light  southerly  winds  and  clear  skies  existed  in  advance  of  a  cold  front. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 


95 


Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 


TUESDAY,  OCTOBER  JO,  1964 


97 


Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Clear  skies,  warm  air  acLvection,  and  moderate  southwesterly  winds  occurred  in  advance  of 
rapidly  moving  cold  front . 
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Clearing  skies,  cold  air  advection,  and  moderate  north  to  northwesterly  winds  occurred 
following  the  passage  of  a  cold  front  the  previous  evening. 
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Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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Strong,  gusty  northwesterly  winds  and  cloudy  skies  existed  "behind  an  easterly  moving  storm 
center.  Snow  flurries  occurred  during  the  early  morning  hours. 
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Light  to  moderate  northwesterly  winds  and  snow  flurries  won.  associated  with  a  deei>  vortux 
located  northeast  of  St.  Louis.  About  six  inches  of  snow  .lay  on  the  ground. 
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rthwe sterly  winds  and  overcast  skies  existed  following  the  passage  of 
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2756.9  gm  of  1339-2  and  722. A  gm  of  1339-3 • 
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Partly  cloudy  skies  and  strong,  gusty  northwesterly  winds  persisted  following  the  passage 
of  a  cold  front  about  0600  CST. 
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Clearing  skies  and  weak  northwesterly  winds  were  associated  with  a  high  pressure  area 
centered  over  Eastern  Tennessee. 
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of  a  deepening  storm  system  over  Kansas. 
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The  St.  Louis  area  was  under  the  influence  of  a  low  pressure  cell  centered  over 
Michigan.  Strong  gusty  northwesterly  winds,  cloudy  skies  and  strong  cold  air  advection 
existed  during  the  experiment . 


Table  1  (continued).  EXPERIMENT  SUMMARY  SHEETS 
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VP 


SAMPLER  DOSAGE  DATA 


The  sampler  flow  rate  of  Rotorod  samplers  was  assumed  constant  at  41.3 
liters  per  minute.  Rotorod  sampler  efficiency  depended  on  the  size  of  the  fluor¬ 
escent  particles  and  thus  on  the  lot  number.  The  sampler  efficiency  for  each 
lot  number  used  is  listed  in  Table  2.  Flow  rates  of  drum-pulsed  samplers  are 
given  in  Table  3. 


Table  2.  ROTOROD  SAMPLER  EFFICIENCIES 


t 

Lot  number 

1320 

1339-1 

1 339-5 

l  1339-3 

1339-4 

1339-5 

H-454 

Sampler  efficiency 

0.61 

0.61 

0.61 

0.61 

0.60 

0.60 

0.59 

The  efficiencies  were  read  from  a  calibration  curve  (Brown  and  Webster,  1964; 
Appendix  E-l ) . 


Table  3.  FLOW  RATES  OF  DRUM-PULSED  SAMPLERS3 


Sampler  number 

1  2  3  4  5  7  8  9  10  12 

Flow  rate, 

1  iters/minute 

47.0  46.0  45.8  49.0  48.0  46.3  51.8  45.0  48.2  44.0 

aSampler  efficiencies  of  the  drum-pulsed  samplers  were  assumed  constant 
at  90%. 


Dosage  data  obtained  during  the  43  experiments  are  presented  in 
Tables  4  through  6. 

Table  4  presents  the  total  surface  dosages  provided  by  the  Rotorod,  mem¬ 
brane  filter,  and  drum-pulsed  samplers.  To  facilitate  comparisons  and  possible 
computations,  the  table  lists  the  arc  upon  which  samplers  were  located,  the 
azimuth  in  terms  of  true  north,  the  range  of  the  samplers  from  the  tracer  release 
site,  and  the  time  samplers  were  turned  on  and  off.  These  times  are  reported  to 
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the  nearest  whole  minute  for  the  Rotorod  and  membrane  filter  samplers  and  to  the 
nearest  second  for  the  drum-pulsed  sampler.  Drum-pulsed  samplers  yielded  a  time 
resolution  of  the  passage  of  tracer  clouds  in  addition  to  the  total  dosages. 

Table  5  lists  sequential  dosages  provided  by  the  drum-pulsed  samplers  and 
times  of  the  end  of  sampling  intervals.  In  each  case  the  period  of  record  begins 
with  the  first  non-zero  sample  and  ends  with  the  last  non-zero  sample.  Samples 
of  1-,  2-,  or  4-  minute  duration  were  taken,  depending  on  the  distance  from 
release  site  to  the  sampler  and  on  existing  meteorological  conditions. 

Table  6  lists  the  total  dosages  in  the  vertical  provided  by  Rotorod 
samplers  attached  to  tethered  balloons.  Heights  above  the  surface  of  samplers 
were  computed  from  (time)  mean  clinometer  angles  and  length  of  tethering  line 
between  samplers  and  from  the  surface  to  the  lowest  sampler.  The  opposing  but 
quantitatively  unknown  effects  of  stretch  in  the  tethered  line  and  curvature  of 
the  tethered  line  were  neglected  in  these  computations.  Tethered  sampling  was 
not  attempted  in  the  daytime  when  the  mean  wind  speed  at  balloon  level  was 
expected  to  exceed  20  mph  or  at  night  when  the  wind  speed  at  balloon  level  was 
expected  to  exceed  25  mph.  Total  dosages  were  converted  to  equivalent  concen¬ 
trations  by  the  equation: 

X  =  1 03n/vet 


where 


X  =  equivalent  concentration,  particles  per  cubic  meter 
n  =  number  of  particles  (dosage) 
v  =  sampler  flow  rate,  liters  per  minute 
e  =  efficiency  of  the  sampler,  decimal  fraction 
t  =  duration  of  tracer  release,  minutes 
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TABLE  4.  TOTAL  DOSAGES  AT  SURFACE 

Symbols 

R(m) 

Range  to  the  nearest  10  meters  of  sampler  from  dissemination  site 

Dosage,  Part 

X,  Part/m^ 

Number  of  (fluorescent)  particles 

Equivalent  concentration,  particles  per  cubic  meter 

RR 

Rotorod  sampler 

MF 

Membrane  filter  sampler 

DP 

Drum-pulsed  sampler 

Site  A 

Forest  Park 

Site  B 

Roof  of  the  Knights  of  Columbus  Building 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Sampler  ceased  to  operate  at  an  unknown  time;  no  adjustment  to  measured 
dosage  considered  necessary. 


Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Assumed  contamination  subtracted  from  the  measured  dosage  of  11, 4ll  particles . 


Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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313.0  15,21+0  RR  1017  1305  791 
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330.1  15,930  RR  1035  1324  1,000 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Samplers  may  have  been  turned,  off  before  the  last  elements  of  the  tracer 
cloud  reached  them.  No  adjustments  in  the  measured  dosages  were  made 
since  no  significant  losses  of  dosages  were  considered  to  have  occurred. 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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133 -7  6410  RE  2113  2313 

136.7  6250  RR  2033  2255 

142.0  6180  RR  2033  2256 

145.0  6380  DP-7  2035:00  2258:01 

152.2  6780  RR  2042  2305 
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Table  4  (continued).  TOTAL  DOSAGES  AT  SURFACE 
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113-5  61+10  RR  1938  21 34  3,520  2,4l2 
116.7  6410  DP-7  1939:00  2137:4$  3,314  1,326 
123-0  6360  RE  1944  2144  8  5 


. 

TABLE  5.  SEQUENTIAL  DOSAGES  AT  SURFACE 

Symbol s 

Azi (deg) 

:  Azimuth  to  the  nearest  tenth  of  a  degree  of  samplers  from 
dissemination  site 

R(m) 

:  Range  to  the  nearest  10  meters  of  sampler  from  dissemination 
si  te 

Dosage  (Part. 

Site  A 

. )  :  Number  of  (fluorescent)  particles 

:  Forest  Park 

Site  B 

:  Roof  of  the  Knights  of  Columbus  Building 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Assumed,  contamination  subtracted  from  each  sequential 
dosage  pattern;  measured  patterns  listed  in  parenthese; 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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IAssumed  contamination  subtracted  from  each 
sequential  dosage  pattern;  measured  patterns 
listed  in  parentheses. 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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■Sequential  dosage  patterns  listed  in  parentheses; 
rntire  measured  dosage  considered  to  be  contamination. 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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measured  patterns  listed  in  parentheses. 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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nAssumed  contamination 
subtracted,  from  each 
sequential  dosage  pattern; 
measured  patterns  listed 
in  parentheses . 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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sequential  dosage  pattern; 
measured  patterns  listed 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Part  of  measured  dosage  assume d 
to  be  contamination;  no 
satisfactory  method  dis¬ 
covered  for  adjusting 
listed  sequential  patterns. 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 


d)  ^ 

< 

ON 

bO  • 

UN  • 

id  4 

o 

H  O 

oi  G 

4 

S 

o  cd 

vo 

•H 

EH  •• 

P  P 

co 

CO 

co  S 
u  so  3 

• 

a> 

CD  G 

o 

01 

o  d  P 

a 

UN  Cd 

CO — ' 

vo  b-4  o 
cm  ltn  co 


O  co  O  b-  H 
H  CO  H 


ON  CO  4  -4-  - 

oj  unvo  on 

H  OJ 


CO  H  ON 
CO  OJ  OJ 


b —  LTN  VO  LTN 


4) 

d  bO 
d)  cd 

t  8 

a* 

(U  H 
G  cd 

CO  »H 
•H  4 
d  C 
d) 

a>  G 

to  ch 

cd  <D 
to  co 


co  bO 
<D  G 
co 
d) 

4 
-P 
£ 

QJ 

G 


4 

£ 

O 


VO  d) 

CO 

•H 

, - N 

rH 

d) 

4 

ON  H 

H 

N  O 

d  > 

oi  H 

G 

H  d> 

<U  H 

01 

G 

<D 

CC 

O 

ON 

CM 

CM 

CM 

CM 

CM 

5 

G 

G  d) 

e 

4 

4 

.^vo 

CM 

CM 

CM 

CM 

CM 

p  d) 

G 

(U  P 

•H 

O  G 

CO 

/ — •. 

*• 

•• 

•• 

•• 

•  • 

oi  H 

a> 

H  O 

G 

G  CD 

O 

d)  Eh 

CO  O  CM  4-  vo 

CO  O  CM  4  VO 

GO 

O 

CM  4  VO 

00  o 

CM  4  VO 

CO  O 

cd  P 

4 

P  G 

4  o 

CO 

•  •  / - s 

B  co 

4-  LTN  UN  UN  UN 

UN  O  O  O  O 

o 

H 

H  H  H 

H  CM 

CM  CM  <M 

CM  CO 

HU  cd 

4 

S  P 

-- 

S  cd 

CM 

o  B 

•H  O 

CM 

CM  CO 

CO 

co 

CO 

S  Eh 

95 

cd  B 

X 

G 

i — 1 

G  — ' 

Eh  ' 

r — 1 

H  H 

H 

H 

H 

G 

P 

01  *H 

Wt-EH' 


•  <  K 


ai 

•H  O 
-P 
d 

d)  d 
p  o 
co  6 


•  co 

dJ 

b-  LTN  UN  LTN 

CM  4  UNCO 

CO 

O 

ft 

o  COCO 

b-  CO  4 

< 

LTN 

bD  • 

H  UN 

r-j  ON  b  H 
CM  H 

H 

CO 

O  4  CM 

CM  CM 

d) 

4  • 

H  O 

cd  4 
oi  G 

H 

4 

^  S 

O  cd 

•H 

Eh  •• 

P  P 

n 

CT  B 

CD  Eh 

as 

EH--' 


b- 

LTN 

b~  ON  H  CO  LTN 
C\J  OJ  CO  CO  CO 
CO 


b—  ON  i— I  CO  l/N 

CO  CO  4  4  4 


b- 

LTN 

b-ONH  COIA 
-4-  4  LTN  l/N  LTN 


b~ 

LTN 

t-  On  H  co 
1AUNO  O 
CO  4 


hQ  OJ  o 
VO  VO  o  h- 
OJ  IAO  H 
rH 


On  ltn  co  ro  On 
4  vd  co  CVI  ro 

LTN  CO  b— 


4 

LTN 

O  OJ  4  VO  CO 
4  4  4  4  4 
OJ 


OJ  -4  H  CO  ON 
ON -4  CO  VO  CVJ 
4-  OJ  OJ  CO  VO 


O  OJ  4-  VO  GO 
LTN  LTN  LTN  LTN  LTN 
CVJ 


H  CO  CO  O  OJ 
4-  OJ  ON  H 
OJ  4 


CVJ  ON  4-  O 
l/N  H 


4 

LTN 

O  oj  4-  VO  00 
O  O  O  O  O 
CO 


4 

LTN 

O  CM  4  VO  CO 
H  H  H  H  H 

CO 


4 

LTN 

O  CM  4- VO 
OJ  OJ  CM  OJ 
CO 
i — I 


-P 

G 

O 

O 

eT 

4 


O 

O 

4 

^  a 

vo 

•H 

EH  •• 

CO 

CO 

O  "bD  I 

• 

dl 

d)  G 

O 

01 

d  P 

a 

cd 

<u 

•H  *•* 

4 

H 

tM 

G 

CU 

< 

(U 

K 

O 

6 

4 

•rH 

G 

G 

di 

dJ 

o 

P 

cd 

O  B 

X 

G 

G  — 

w 

Eh 

d) 

-P  ' 

•H  Eh 

CQ  CO 


LTN  ( 


d) 

Cl 

v  pi  1  ^ 
^  OJ 

4  CJNH 

G  H  CD 

U  4* 

•H  «  G 
G  G  CD 

MS 


td 


o 
co 

cn  .H  .. 

H^o 

°  4 

rH  •• 

O 

S? 

•ct  <  CC 


(U 

HO  • 
cd  4 
01  G 
O  cd 
P  P 


CD  Eh 
S  CO 
•H  O 

Eh 


)  O  c 
JVO  , 


unS 

•  4 

4 

(Ll 

bD  . 

UN  . 

cd  4 

'O  b-  b-  LfN 

H  o 

oi  G 

VO  H  4 

a 

O  cd 

CVJ  CO 

P  P 

'V - ' 

^bD  1 
o  G 
d  P 

H  8 


OJ  VO  ON  LTN  VO 
H  CO  H  CM 


CO  ON  O  H  CM 
LTN  LTN  O  O  O 
OJ  CO 


O 

rH 

CO  4-  UNVO  t— 
CO  CO  CO  CO  CO 
OJ 


00  ON  O  H  OJ 
CO  (0  4-  4-  4 
CM 
rH 


ON  LTN4-  CO  O 
H  4-  CO  H 


O 

H 

(04  l/N  VO  t— 

o  o  o  o  o 

CO 


vo  co  coco  t — 

0J  OJ  OJ  LTN  CO 
CO  H 


CO  ON  O  H  CM 
O  O  H  H  H 
CO 


VO  CM  VO  OJ  OJ 
VO  H 


O 

rH 

CO  4-  l/nvo  b— 
4  4  4  4  4 
OJ 


CO  4  OJ  OJ  H 
rH  CM  i — I  i — I  i — I 


VO  ON 
rH  rH 


O 

rH 

(04  LTNVO  b- 
rH  rH  rH  rH  rH 

CO 


ON  H  CO  4-  CM 
OJ  H  CO  4 


O 

rH 


CO  l/N  CM  CO  rH 
OJ  CO 


00  ON  O  H  CM 
4-  4-  l/N  LTN  l/N 
OJ 


CO  4  LTNVO  b- 
l/N  L/N  L/N  LT\  LTN 
OJ 


4  G 
G  -H 
CD  cd 
p  * 
cd 
d) 


01  01 

O 

(ll 

q 

••x  01 

^  CD 

>  ^3 
H  4 

M 

§ 

G 

G 

dJ  (D 

H  G 

cd 

4  cd 

4 

cd  P 
E-i 

cd 

— "  G 

<D 

•H 

o 

d 

•H 

d>  (U 

Ch 

d  g 

*H 

G  d) 

G 

cd  4 
bO 

O 

d)  d 

<D 

G  d) 

4 

oi  4 

cd 

•H  01 

4 

d  *h 

G 

rH 

dl 

•H 

bO  oi 

G 

cd  G 

cd 

co  G 

> 

O  d) 

o 

'd  4  ^ 
4  > 
d  cd  d) 
CD  PH 
G  4 
P  cu 
oi  bO  G 
cd  cd  d; 
OJ  ui  > 

Joo 
a  d  o 


OH 

•  4 

bD  • 

cd  4 

d)  1-1  O 

oi  G 

4  a 

O  cd 

•H  Eh  •• 

P  P 

<D  Eh 
B  CO 
•h  o 
Eh  ^ 


LTN  LTN  CO  CO 


4  H  4 
L/N  LTN 


HO  4-  CM  OJ  LTN  CO 


LTN 

CO 


(04  LTNVO  b~ 

o  o  o  o  o 


LTN 

CO 

CO  ON  O  H  OJ 
O  O  H  H  H 
CO 


LTN 

CO 

CO  4  LTNVO 
H  H  H  H 

CO 


b-OIH4H 
H  H  H 


b-  b-4-  O 
H  4 


b-  ltn  CO  OJ  CO  b-  b-  l/N 

CM  H  4  O  bin 


CO  ON  Q  H  OJ 
H  H  CM  CM  CM 


014-  L/NVO  b- 
OJ  OJ  OJ  CM  OJ 


CO  ON  O  H  OJ 
CM  OJ  CO  CO  CO 
CO 


l/N 

CO 

CO  4-  UN  VO  b- 
CO  COCOCO  CO 
CO 


175 


-‘-Sampler  operated  improperly 
ur.til  about  1302  CST;  adjust¬ 
ment  to  the  measured  dosage 
considered  unnecessary. 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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;e  considered  to  be  entirely 
sequential  patterns  listed  here 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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sequential  patterns 
listed  here  in  pare: 
theses . 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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dosage  adjusted  (Table  IV )  (Table  IV)  but  no  satisfactory 
but  no  satisfactory  method  discovered  for  adjust- 

method  discovered  for  ing  listed  sequential  patterns, 

adjusting  listed  sequen¬ 
tial  patterns. 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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entire  tracer  cloud  reached 
it.  Total  dosage  adjusted 
(Table  IV)  hut  no  satisfactory 
method  discovered  for  adjust¬ 
ing  listed  sequential  patterns . 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Sequential  dosage  patterns 
listed  in  parentheses; 
measured  dosage  considered 
to  he  entirely  contaminatio: 


Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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Table  5  (continued).  SEQUENTIAL  DOSAGES  AT  SURFACE 
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entirely  contamination. 


TABLE  6.  TOTAL  VERTICAL  DISTRIBUTION  OF  ROTOROD  DOSAGES 


Symbol s 

z  (ft) 

Dosage  (Part) 

X,  Part/m^ 

Height  in  whole  feet  of  sampler  above  the  surface 
Number  of  (fluorescent)  particles 

Equivalent  concentration,  particles  per  cubic  meter 

Site  A 

Forest  Park 

Site  B 

Roof  of  the  Knights  of  Columbus  Building 
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Table  6  (continued).  VERTICAL  R0T0R0D  DOSAGES 
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TETROON  OBSERVATIONS 


Tetroons  were  normally  released  from  the  tracer  dissemination  site  15 
minutes  after  the  beginning  of  dissemination.  They  were  ballasted  to  float 
either  at  500,  1000,  or  1500  feet  above  the  surface.  Equipment  failure  resulted 
in  loss  of  some  data. 

The  transponder  signal  was  tracked  on  the  Plan  Position  Indicator  scope 
of  the  WSR-57  radar  at  Lambert  Field.  The  azimuth  in  degrees  and  range  in 
nautical  miles  (n.m.)  of  the  tetroon  from  this  site  were  usually  recorded  at 
2-minute  intervals.  Because  the  signal  was  received  as  a  "blip"  of  defined 
length  and  width,  either  the  mean  range  and  the  mean  azimuth  or  the  mean  range 
and  two  azimuths  ( representi ng  the  edges  of  the  blip)  were  reported.  When  the 
tetroon  was  very  close  to  the  radar  site,  the  signal  was  displayed  as  a  blip  so 
large  that  a  mean  azimuth  and  range  could  only  be  estimated.  The  accuracies  of 
units  reported  in  Table  7  for  each  tetroon  release  are  those  measured 
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Table  7.  TETROON  OBSERVATIONS 
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54  341-5  8-7 

56  341.5  9-2 

58  341-0  9-7 

1500  342.0  10.1 


Table  7  (continued).  TETROON  OBSERVATIONS 
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PILOT  BALLOON  MEASUREMENTS 


Single-theodolite  observations  of  the  winds  aloft  were  made  at  the  tracer 
release  sites  during  all  experiments.  As  few  as  two  and  as  many  as  four  ascensions 
per  experiment  were  obtained,  depending  on  the  availability  of  personnel  and  on 
meteorological  conditions.  Ceiling  balloons  were  inflated  to  standard  free  lift 
for  10-gram  balloons.  The  azimuth  and  elevation  angles  were  read  at  30-second 
intervals;  heights  of  the  balloons  above  the  surface  at  these  intervals  were 
computed  from  tables  in  U.  S.  Weather  Bureau  (1964b). 

Table  8  lists  for  each  ascent  the  heights  of  the  balloon  above  the  surface 
and  the  horizontal  wind  speed  and  direction  at  each  height. 


197 


TABLE  8.  PILOT  BALLOON  MEASUREMENTS 
Symbol s 


Site  A 
Site  B 
Z(m) 
D(deg) 
S(m/s) 


Forest  Park 

Roof  of  Knights  of  Columbus  Building 
Height  in  whole  meters  of  the  balloon  above  the  surface 
Wind  direction  to  the  nearest  tenth  of  a  degree  of  azimuth 
Wind  speed  to  the  nearest  tenth  of  a  meter  per  second 
Missing  data 
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Table  8  (continued).  PILOT  BALLOON  MEASUREMENTS 
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Table  8  (continued).  PILOT  BALLOON  MEASUREMENTS 
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RAWINSONDE  MEASUREMENTS _ 


Rawinsonde  observations  for  Columbia,  Missouri,  and  Peoria,  Illinois,  the 
two  nearest  regular  Weather  Bureau  upper-air  sounding  stations,  are  presented  in 
Table  9.  The  table  includes  the  latest  soundings  taken  before  the  beginning  of 
the  tracer  dissemination  and  the  earliest  soundings  following  the  end  of  the 
experiment.  For  afternoon  experiments,  the  12Z  (0600  CST)  and  00Z  (1800  CST) 
soundings  for  the  same  day  are  given;  for  evening  experiments,  the  00Z  (1800  CST) 
sounding  and  the  12Z  (0600  CST)  sounding  for  the  next  day  are  given.  Only  sound¬ 
ing  data  up  to  700  mb  are  presented.  The  pressure,  temperature,  dewpoint,  and 
height  above  MSL  of  each  mandatory  level  and  significant  level  are  given  as 
reported  on  WB  Form  31 -A .  In  addition,  the  wind  direction  and  speed  are  listed 
for  the  surface  and  each  50  mb  beginning  with  either  1000  or  950  mb.  The  methods, 
techniques,  and  procedures  of  data  processing  are  presented  in  U.  S.  Weather 
Bureau  (1964  c). 
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P  (mb ) 
Z(m) 

T(°C) 

Td<°C> 

D(deg) 

S(m/s) 

MB 


TABLE  9.  RAWINSONDE  MEASUREMENTS 
Symbol s 

Pressure  in  whole  millibars 

Height  above  MSL  to  the  nearest  whole  meter  for  standard  levels 
and  to  the  nearest  10  meters  for  all  other  levels 

Temperature  to  the  nearest  tenth  of  a  degree  Celsius 

Dewpoint  to  the  nearest  tenth  of  a  degree  Celsius 

Wind  direction  to  the  nearest  whole  degree  of  azimuth 

Wind  speed  in  whole  meters  per  second 

Motor  boating  -  relative  humidity  too  low  to  be  accurately  measured 
Missing  data 
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Table  9  (continued).  RAWINSONDE  MEASUREMENTS 
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FREE  AND  TETHERED  RADIOSONDE  MEASUREMENTS 


Available  data+  from  free  and  tethered  ascents  made  from  the  roof  of  the 
Federal  Building  are  presented  in  Tables  10  through  12.  For  the  evening  experi¬ 
ments  in  which  tethered  radiosondes  were  to  be  substituted  for  free  radiosondes, 
ascents  were  not  attempted  when  winds  in  the  lower  1000  feet  (length  of  the  tether) 
were  forecast  to  exceed  25  mph.  For  free  radiosonde  launches,  the  pressure,  height 
above  MSL,  temperature,  and  dew  point  of  each  mandatory  and  significant  level  up 
to  700  mb  are  listed  in  Table  10. 

For  the  tethered  radiosonde  ascents,  the  time  in  CST,  height  above  the 
surface,  and  temperature  for  each  reported  level  are  given  in  Table  11.  Normally 
during  launches  the  radiosonde  was  first  ascended  to  maximum  tether,  then  the 
tether  was  reeled  in  100  feet  at  a  time.  At  each  level,  the  time  and  temperature 
were  recorded  and  the  angle  between  the  base  of  the  tether  line  and  radiosonde 
was  measured  with  a  clinometer.  Height  above  the  surface  was  then  calculated  as 
the  product  of  the  sine  of  the  clinometer  angle  and  the  length  of  tether  between 
the  surface  and  the  radiosonde.  The  partially  compensative  errors  involved  with 
stretch  and  curvature  of  the  tether  line  were  ignored. 

The  techniques  used  in  working  up  data  from  the  free  and  tethered  radio¬ 
sonde  ascents  followed  as  closely  as  possible  those  described  in  U.  S.  Weather 
Bureau  (1964  c). 


+In  some  instances  radiosondes  were  damaged  at  launch  or  in  flight,  resulting 
in  lost  data. 
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TABLE  10.  ST.  LOUIS  RADIOSONDE  MEASUREMENTS 

Symbol s 


P(mb) 

Z(m) 

T(°C) 

Td<°C> 

MB 


Pressure  in  whole  millibars 

Height  above  MSL  to  the  nearest  whole  meter  for  standard  levels  and 
to  the  nearest  ten  meters  for  all  other  levels 

Temperature  to  the  nearest  tenth  of  a  degree  Celsius 

Dew  point  to  the  nearest  tenth  of  a  degree  Celsius 

Motor  boating  -  relative  humidity  too  low  to  be  instrumental ly  measured 
Missing  data 
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TABLE  11.  ST.  LOUIS  TETHERED  RADIOSONDE  MEASUREMENTS 

Symbol s 


t(CST):  Time  in  CST 

Z(ft)  :  Height  above  the  surface  in  whole  feet 

T(C)  :  Temperature  to  the  nearest  tenth  of  a  degree  Celsius 
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Table  11.  ST.  LOUIS  TETHERED  RADIOSONDE  MEASUREMENTS 


Experiment  No.  29 
12  October  1964 
Tracer  Release:  2000  to  2100 
Ascension  No.  1 


Experiment  No.  29 
12  October  1964 
Tracer  Release:  2000  to  2100 
Ascension  No.  2 


Experiment  No.  30 
16  October  1964 

Tracer  Release:2000  to  2100  CST 
Ascension  No.  1 


t (CST) 

z(ft) 

T(°C) 

t (CST) 

Z(ft) 

T(°C) 

t (CST) 

Z(ft) 

T(°C) 

1909 

650 

15.2 

2213 

616 

14.1 

1827 

996 

23.8 

1913 

491 

15.1 

2215 

625 

14.1 

1829 

896 

23.8 

1915 

414 

15.1 

2217 

594 

14.3 

1832 

800 

23.9 

1917 

332 

15.6 

2219 

566 

14.1 

1833 

698 

24.5 

1921 

260 

15.5 

2222 

492 

14.0 

1838 

599 

24.6 

1923 

185 

15.9 

2223 

410 

13.9 

1840 

500 

25.1 

2226 

339 

14.0 

1842 

400 

25.2 

2228 

257 

14.1 

1846 

297 

25.6 

2230 

162 

14.3 

1848 

200 

25.9 

2232 

87 

14.3 

1850 

99 

25.9 

2234 

sfc 

14.3 

1853 

sfc 

26.1 

Experiment 

No.  30 

Experiment 

No.  32 

Experiment 

No.  33 

16  October 

1964 

19  October 

1964 

20  October 

1964 

Tracer  Release:  2000 

to  2100  CST 

Tracer  Release:  1945 

to  2045 

CST  Tracer  Release: 1915 

to  2015 

Ascension 

No.  2 

Ascension 

No.  1 

Ascension 

No.  1 

t (CST) 

Z(ft) 

T(°C) 

t (CST) 

Z(ft) 

T(°C) 

T  (CST) 

z  (ft) 

T(°C) 

2136 

920 

19.3 

2101 

985 

6.4 

1915 

766 

11.7 

2137 

834 

19.4 

2105 

846 

b.  0 

1919 

689 

11.9 

2142 

756 

19.4 

2108 

655 

6.8 

1920 

630 

12.5 

2143 

695 

19.4 

2110 

573 

6.7 

1922 

495 

12.5 

2144 

564 

19.4 

2112 

564 

6.8 

2147 

567 

19.8 

2115 

433 

7.3 

2150 

473 

19.8 

2118 

346 

7.5 

2152 

380 

19.3 

2120 

212 

7.8 

2122 

173 

7.9 

2125 

98 

8.0 

2128 

sfc 

8.3 
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SURFACE  WIND  MEASUREMENTS  AT  TRACER  RELEASE  SITES 


Ten-minute  averages  of  wind  direction  and  speed  at  the  tracer  release  site 
are  presented  in  Table  12.  The  periods  of  record  vary  considerably,  although  in 
each  instance  the  interval  of  tracer  dissemination  is  covered. 

For  the  dissemination  site  at  the  Knights  of  Columbus  Building,  the  data 
obtained  were  often  unusable.  Sometimes  instrumentation  was  oriented  with  the 
recorder  chart  crossover  direction  too  close  to  the  most  frequent  wind  direction 
causing  a  wind  direction  trace  to  "paint"  the  entire  width  of  the  chart.  At  time- 
fluctuations  in  both  the  speed  and  direction  traces  were  so  large  and  frequent 
that  averages  could  not  be  estimated.  These  cases  of  large  fluctuations  probably 
were  the  result  of  mechanical  turbulence. 
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TABLE  12.  SURFACE  WIND  MEASUREMENTS  AT  TRACER  RELEASE  SITES 


Site  A 
Site  B 
D(deg) 
S(mph) 


Symbol s 


Forest  Park 

Roof  of  the  Knights  of  Columbus  Building 
Wind  direction  in  whole  degrees  of  azimuth 
Wind  speed  in  whole  miles  per  hour 
Missing  data 


Table  12  (continued).  SURFACE  WIND  MEASUREMENTS  AT  TRACER  RELEASE  SITES 
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Table  12  (continued).  SURFACE  WIND  MEASUREMENTS  AT  TRACER  RELEASE  SITES 
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Table  12  (continued).  SURFACE  WIND  MEASUREMENTS  AT  TRACER  RELEASE  SITES 
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SURFACE  WEATHER  MEASUREMENTS, 

ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 


Table  13  presents  significant  data  from  the  hourly  surface  weather  obser¬ 
vations  at  WBAS  St.  Louis  for  the  period  about  3  hours  before  the  tracer  release 
to  about  6  hours  after  it  ended.  Special  and  check  observations  would  have  been 
included  had  any  yielded  significant  data.  Only  three  cloud  layers  are  listed, 
since  no  more  than  three  layers  were  observed.  Heights  of  the  clouds  are  in 
hundreds  of  feet  above  the  surface,  amounts  of  sky  cover  are  in  tenths,  and  cloud 
movement  directions  are  in  compass  points  toward  which  the  clouds  move  (compass 
points  are  represented  by  symbolic  arrows).  Times  of  observations  are  the  times 
at  which  the  final  weather  element,  wind  velocity,  is  measured.  Beginning  in 
1964  wind  directions  were  read  to  the  nearest  ten  degrees  of  azimuth  from  which 
the  wind  is  blowing  rather  than  to  the  nearest  16  points  of  the  compass.  For 
uniformity  in  the  reporting  of  winds,  all  wind  directions  are  reported  in  terms 
of  compass  points.  Observational  techniques,  rules,  and  symbolic  abbreviations 
are  given  in  U.  S.  Weather  Bureau  (1964  a). 


249 


Table  13.  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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Table  13  (continued).  SURFACE  WEATHER  OBSERVATIONS,  ST.  LOUIS,  MISSOURI  (WBAS,  LAMBERT  FIELD) 
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METEOROLOGICAL  MEASUREMENTS  AT  OUTLYING  STATIONS 


Data  on  surface-wind  velocity,  temperature,  and  relative  humidity  are  given 
in  Tables  14  through  16  for  the  outlying  meteorological  stations  in  St.  Louis.  The 
nominal  period  of  record  is  from  1  hour  before  the  beginning  of  each  tracer  release 
to  1-1/2  hours  after  each  ending  for  the  daytime  experiments,  and  to  2  hours  after 
each  ending  for  the  evening  experiments.  Data  collected  at  Missouri  State  Police 
Station  C,  Lindbergh  High  School,  and  Hazelwood  High  School  are  listed  respectively 
in  Tables  14,  15,  and  16. 

Each  table  presents  10-minute  averages  of  surface  wind  direction  and  speed; 
the  first,  third,  and  fifth  largest  ranges  of  wind  direction  and  speed  over  each 
30-minute  interval;  and  hourly  averages  of  temperature  and  relative  humidity. 

Times  (in  CST)  specify  the  termination  of  the  sampling  intervals.  Wind  direction 
ranges  less  than  4  degrees  and  wind  speed  ranges  less  than  2  miles  per  hour  are  not 
listed,  since  these  values  approach  the  accuracies  of  the  respective  estimations. 
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TABLE  14.  METEOROLOGICAL  MEASUREMENTS,  MISSOURI  STATE  POLICE  STATION  C 

Symbol s 

D(deg):  Surface  wind  direction  in  whole  degrees  of  azimuth 
S(mph):  Surface  wind  speed  in  whole  miles  per  hour 

Direction  Range  1,3,  and  5:  The  first,  third,  and  fifth  highest  wind  direction 

ranges  in  whole  degrees  of  azimuth 

Speed  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  wind  speed  ranges 

in  whole  miles  per  hour 

T(°F)  :  Temperature  in  whole  degrees  Fahrenheit 
RH(%)  :  Relative  humidity  in  whole  percent 

C  :  Calm  -  Wind  speed  less  than  threshold  speed  of  the  instrument 

:  Missing  Data;  for  wind  direction  ranges,  data  either  missing  or 

undefined. 
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Table  14  (continued).  METEOROLOGICAL  MEASUREMENTS,  MISSOURI  STATE  POLICE  STATION  C 
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TABLE  15.  METEOROLOGICAL  MEASUREMENTS,  LINDBERGH  HIGH  SCHOOL 

Symbol s 

D(deg):  Surface  wind  direction  in  whole  degrees  of  azimuth 
S(mph):  Surface  wind  speed  in  whole  miles  per  hour 

Direction  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  wind  direction 

in  whole  degrees  of  azimuth 

Speed  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  wind  speed  ranges 

in  whole  miles  per  hour 

T(°F):  Temperature  in  whole  degrees  Fahrenheit 
RH(%):  Relative  humidity  in  whole  percent 

C  :  Calm  -  Wind  speed  less  than  threshold  speed  of  the  instrument 

:  Missing  Data;  for  wind  direction  ranges,  data  either  missing  or 
Undefined. 
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Table  15  (continued).  METEOROLOGICAL  MEASUREMENTS,  LINDBERGH  HIGH  SCHOOL 
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Table  15  (continued).  METEOROLOGICAL  MEASUREMENTS,  LINDBERGH  HIGH  SCHOOL 
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Table  15  (continued).  METEOROLOGICAL  MEASUREMENTS,  LINDBERGH  HIGH  SCHOOL 
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TABLE  16.  METEOROLOGICAL  MEASUREMENTS,  HAZELWOOD  HIGH  SCHOOL 

Symbol s 

D(deg):  Surface  wind  direction  in  whole  degrees  of  azimuth 
S(mph):  Surface  wind  speed  in  whole  miles  per  hour 

Direction  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  wind  direction 

ranges  in  whole  degrees  of  azimuth 

Speed  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  wind  speed  ranges 

in  whole  miles  per  hour 

T(°F)  :  Temperature  in  whole  degrees  Fahrenheit 
RH(%)  :  Relative  humidity  in  whole  percent 

C  :  Calm  -  Wind  speed  less  than  threshold  speed  of  the  instrument 

:  Missing  Data;  for  wind  direction  ranges,  data  either  missing  or 
undefined. 
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Table  16  (continued).  METEOROLOGICAL  MEASUREMENTS,  HAZELWOOD  HIGH  SCHOOL 
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Table  16  (continued).  METEOROLOGICAL  MEASUREMENTS,  HAZELWOOD  HIGH  SCHOOL 
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Table  16  (continued).  METEOROLOGICAL  MEASUREMENTS,  HAZELWOOD  HIGH  SCHOOL 
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METEOROLOGICAL  MEASUREMENTS  ON  KMOX-TV  TOWER 


Data  on  wind  velocity  and  vertical  temperature  difference  collected  on  the 
KMOX-TV  Tower  are  presented  in  Tables  17  and  18.  The  period  of  record  is  nominally 
from  1  hour  before  tracer  dissemination  began  to  1-1/2  hours  after  the  ending  for 

daytime  experiments,  and  to  2  hours  after  the  ending  for  evening  experiments. 

★ 

For  each  reporting  level  on  the  tower,  Table  17  lists  10-minute  averages 
of  wind  direction  and  speed  and  the  first,  third,  and  fifth  highest  ranges  of 
wind  direction  and  speed  during  30-minute  intervals.  Times  (CST)  specify  the 
termination  of  the  sampling  periods.  Direction  ranges  less  than  4  degrees  and 
speed  ranges  less  than  2  miles  per  hour  are  not  given,  since  they  approach  the 
accuracies  of  the  respective  estimations. 

Table  18  consists  of  all  available  printouts+  of  the  reference  temperature 
at  124  feet,  and  of  the  temperature  differences  between  249  and  124  feet  and 
between  452  and  124  feet.  Either  five  or  six  printouts  of  each  element  occurred 
each  half-hour.  The  reference  temperature  was  printed  first  followed  at  nominal 
2-  and  4-  minute  intervals  by  the  temperature  differences  for  the  lower  layer  and 
total  layer,  respectively.  Half-hourly  arithmetic  averages  of  each  of  these 
elements  are  also  presented,  being  separated  from  the  printouts  by  a  horizontal 
line.  The  average  values  for  the  listed  times  (in  CST)  and  the  data  printouts 
preceding  the  listed  times  are  for  the  preceding  half-hour  interval. 


★ 

The  Aerovane  on  the  middle  level  was  not  installed  until  May  1964. 

+The  vertical  temperature  difference  system,  in  particular,  was  inoperative  during 
many  of  the  earlier  experiments. 
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TABLE  17.  WIND  MEASUREMENTS,  KMOX-TV  TOWER 

Symbol s 

D(deg)  :  Wind  direction  to  the  nearest  whole  degree  of  azimuth 

S(mph)  :  Wind  speed  in  whole  miles  per  hour 

D  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  direction  ranges 

in  whole  degrees  of  azimuth 

S  Range  1,  3,  and  5:  The  first,  third,  and  fifth  highest  speed  ranges  in 

whole  miles  per  hour 

C  :  Calm  -  Wind  speed  less  than  the  threshold  speed  of  the  instrument 

:  Missing  data,  for  wind  direction  ranges,  data  either  missing  or 
unidentified 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 

Experiment  No.  k  Tracer  Release  fromll3C  to  1230  CST 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  17  (continued).  WIND  MEASUREMENTS,  KMOX-TV  TOWER 
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TABLE  18.  VERTICAL  TEMPERATURE-DIFFERENCE  MEASUREMENTS,  KMOX-TV  TOWER 

Symbol s 


T  (°F)  : 

r 

Temperature  at  124  feet  in  whole  degrees  Fahrenheit 

aT-j  : 

Temperature  at  249  feet  minus  the  temperature  at  124  feet  in  degrees 
Fahrenheit.  A  temperature  difference  of  -0.7  corresponds  to  the 
adiabatic  lapse  rate. 

AT2  : 

Temperature  at  452  feet  minus  the  temperature  at  124  feet  in  degrees 
Fahrenheit.  A  temperature  difference  of  -1.8  corresponds  to  the 
adiabatic  lapse  rate. 
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Table  18  (continued).  VERTICAL  TEMPERATURE-DIFFERENCE  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  18  (continued).  VERTICAL  TEMPERATURE-DIFFERENCE  MEASUREMENTS,  KMOX-TV  TOWER 
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Table  18  (continued).  VERTICAL  TEMPERATURE-DIFFERENCE  MEASUREMENTS,  KMOX-TV  TOWER 
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